Gray literature is now universally recognized as an important information resource. For industrial and business organizations, it encapsulates the knowledge and the know-how that are vital business assets. Gray literature in an R&D environment represents the cutting edge of this knowledge, so its efficient management is essential.
Introduction
With the advent of the Internet, researchers and academics have recognized the information and communication technologies as efficient means to share results, to get around the barriers raised by the full transfer of Intellectual Property Rights from author to publisher and to improve on the hitherto slow turn around of traditional publishing. This has resulted in a growing number of electronic preprint (eprint) archives. While several of these began as ad hoc vehicles for dissemination of preliminary results, a number of them have evolved into a more formal means for the efficient sharing of research results among peers in the field.
This paper provides a background of the role of eprints as an efficient information communication media, for disciplines where the rapid dissemination of R&D results is essential.
Worldwide, several projects are being implemented, aiming to promote friendly and easy access to eprints archives as well as encouraging interactions between the various disciplines. The most prominent approaches will be discussed.
The National Library of Portugal, as a deposit institution, has identified the preservation of digital publication as one area where new competences are required. In traditional publishing, the type of publication is the main parameter, whereas in the digital paradigm, new dimensions need to be identified and addressed from the outset, especially those imposing limitations on the deposit policy. These limitations can be technical, e.g. ability to store or preserve, or formal if concerned with copyright issues and economic models. In this context, scientific gray literature was selected to initiate the study. It was decided that an eprint archive, containing scientific gray literature created by the Portuguese academic and R&D communities should be created in the National Library; this is now known as the LIZA initiative. [8] .
The survey described in the last part of this paper aims to characterize the attitudes and expectancies of researchers and academics in the areas of Mathematics and Agriculture Sciences, in Portugal, concerning the proposed national eprints archive.
ePrints in the context of scientific communication
The origins of formal scholarly publishing date back to the 17 th century, to the correspondence among scholars (Invisible Colleges) in England [27; 36] . Groups of scholars used to meet regularly to present papers and discuss research results, under the auspices of the Royal Society. They were also corresponding by private letters, publishing short accounts of the work in progress to update those members who were unable to attend the meetings. As the volume of correspondence grew, various scholarly journals emerged as a more efficient means to exchange information in a broader sense. Journal des Sçavans and the Philosophical Transactions of the Royal Society of London were amongst the first titles to be published [40] .
The scholarly journal may have started in the 17 th century, as a means of communication but it soon assumed the additional functions of registering "ownership" of a scientific discovery and of "packing" current communication into an indexed, readily usable archive [40: 75] . In the 19 th century, yet another function was added: publication of articles in journals came to be the prime indicator of professional standing for research professionals and the organizations that employed them. Thus while primarily allowing academics to inform peers of their findings and to be informed by them, the journal also encapsulated other roles:
-author evaluation -providing a means for judging the competence and effectiveness of authors; -validation of knowledge -through the process of peer review; -historical record -maintaining the record of progress of science through the years;
-archive -providing a repository for the body of knowledge about a particular field [5] .
The established scholarly journal system is experiencing significant challenges to its continuing pre-eminence [42] :
the possibilities for electronic interchange brought about by the Internet and the increasing use of networked desktop computers, which facilitates immediate sharing of R&D results; -the boundaries between formal and informal literature have been blurred, due to electronic publishing opportunities. These are manifested in electronic journals and other web based publications, including the electronic preprint (eprint) servers. This has resulted in a continuum of interactive, interdisciplinary and collaborative works [4, 20] ; -the rapid advances in most scholarly fields, means that the turnaround time of the traditional publishing model is an impediment to the speedy dissemination of R&D results among peers [44] ; -the traditional model, requiring full transfer of intellectual property rights from author to publisher, works against the promotion and wide dissemination of results and obtaining peer recognition and visibility among colleagues [3] ; -the current peer review, as an essential feature of the scholarly review process, is too rigid as it stands at present and often works against the expression of new ideas, by favouring publication of papers originating from authors in the more prestigious organizations and by causing unacceptable delays in publication [14; 15] ; -the disparity between increases in journal subscription rates, often exceeding rates of inflation and affordable library budgets [44, 45] .
Such an environment has encouraged the creation of the growing number of electronic preprint (eprint) archives [17] .
The first eprint server was the Los Alamos Physics Archive, presently known as arXiv.org, which was created in 1991 by Ginsparg [12, 22, 26] at Los Alamos National Laboratory. It evolved to become the largest non-peer review research works deposit available worldwide. It is a fully automated electronic archive for research papers in physics and related disciplines: mathematics, non-linear sciences, computational linguistics and neuroscience. During the last decade, the arXiv.org archive is mirrored in more than a dozen countries. The success of this new method of scientific communication and its acceptance among researchers and academics can be appreciated from the following data: -In the beginning of 1999, arXiv.org contained 100,000 articles and the number of articles downloaded, yearly, exceeded 7 million, indicating that each article is downloaded at least 70 times, on average (this value refers only to the Los Alamos server and excludes the mirrors) [35] .
Creation of Digital Collections of Gray Literature. Development of mechanisms to provide easy access to ePrint servers
The increasing possibilities brought about by electronic scholarly publishing, together with its importance, in the context of scholarly information communication, are the driving forces behind the development projects for archiving, preservation and provision of access to scientific gray literature collections. This section summarizes the main findings of a literature survey on digital gray literature projects, conducted as a background to a new project to archive the national scientific gray literature, promoted by National Library of Portugal.
The survey, carried out in December 2000 and January 2001 by searches on the Internet and on specialized bibliographic databases, indicates that National Libraries see gray literature as one of the literature types addressed within digital preservation projects -National Libraries of Australia [28] , Finland [29] , Sweden [39] .
In parallel, several other projects, whose main objective is the promotion of access and digital preservation of gray literature, can be categorized according to the material that they cover: a)
Research reports -e. g. GrayLit Network, USA, [13] ; MAGiC, UK [23] ; NACA, USA, [33] Portals to access scientific gray literature domain specific, including individual and institutional web pages -e.g. MareNet [24] , MathNet [25] , PhysNet [37, 41] .
These last groups have in common that they give a high priority to subject-oriented interoperability of distributed archives as promoted by the Open Archive Initiative encapsulated in the Santa Fe Convention (for Open Archives) [9, 34] .
The reason for this survey of gray literature projects was to examine the different approaches and strategies. Generally, it can be said that: 
The Gray Literature Project of the National Library of Portugal 4.1 Introduction to the project
The National Library of Portugal (Biblioteca Nacional -BN), as a deposit institution, has as its mission the preservation of the national heritage. Within this scope, BN is implementing the LIZA project, which aims to enhance awareness, access and use of Portuguese scientific and technical gray literature and also its preservation for the benefit of the scientific community, the educational sector and the public at large. It will also contribute to the increased visibility at national and international level of this heritage, by ensuring cooperation of the LIZA initiative with similar initiatives taking place internationally.
To achieve this, an infrastructure is being developed which will enable registration, cataloguing, indexing and archiving to: ii) to promote visibility and web accessibility for gray literature produced by scientific research groups, in the country;
iii) to increase the availability of scientific information produced as a result of the national research effort for industry, business, teaching, learning and cultural sectors and for the public at large.
iv)
to promote interdisciplinary cooperation, as a key factor in the growth of public knowledge [43] ; v) to avoid duplication of effort, in Portuguese scientific research work; vi) to develop synergies between researchers and thereby increase the potential of public investment in R&D; vii)
to increase the awareness of the non-scientific community, regarding the contribution of R&D to the well-being of contemporary society; viii) to promote international cooperation, integration and accessibility with other discipline oriented collections, through compliance with open and international standards for interoperability, e.g. the Open Archive Initiative [9, 34] , including the development of metadata. To achieve the above mentioned aims the following specific objectives were pursued: i)
To identify and specify the scientific gray literature types produced and the publishing workflow within the different scientific disciplines in Portugal;
ii)
To map document creators across different disciplines in the scientific literature chain;
iii) To characterise the document formats which will need to be accommodated; iv) To carry out research into the various ways that gray literature is being produced; v) To assess researchers' expectations regarding the added value provided by interoperable document archives; vi) To design an infrastructure which will enable voluntary deposit, registration, cataloguing, indexing and preservation of gray literature produced in Portugal; vii)
To develop discipline-specific strategies to attract authors to the project; viii) To aid the establishment of Internet based scientific gray literature web servers in scientific organizations, respecting international standards for accessibility and interoperability.
To this end, a pilot research project was undertaken by CEGI (Centro de Estatística e Gestão de Informação) of ISEGI (Instituto Superior de Estatística e Gestão de Informação), UNL (Universidade Nova de Lisboa).
Scope of the study
The sectors of Mathematics and Agriculture Sciences were selected to develop the pilot study, because the authors could see that they had different information communication behaviours due to the combined effects of several factors: 
Methodology
This study aims to combine:
information available in the literature -analysis of the state of the art for initiatives, worldwide, regarding the management of scientific gray literature in digital format, with ii)
information-seeking behaviours of producers/users of scientific literature (researchers, academics/scholars, managers of specialised libraries and information centres and learned societies)
The methodological procedures adopted to collect the information referred to in ii) included: -Face to face interviews with key informants, based on a semi-structured research instrument; -Questionnaire survey sent to producers and users of scientific gray literature -researchers and academics in the selected national scientific communities.
Face-to-face interviews
Eight interviews with eleven key informants have been made.
The interviewees were chosen from researchers and academics (as producers and users of scientific literature), officers of learned societies and information managers in higher education institutions, research organizations and government departments.
These interviews began with a presentation of the LIZA project and continued with questions concerning the patterns of production and communication of scientific information in the above sectors, both in print and in digital format, to identify the national collections and to evaluate the perceptions and the use (or non-use) of eprints archives.
These interviews, by allowing the characterization of the production and communication of scientific literature, also contributed to a more precise definition of the target population to be interviewed.
Questionnaire survey
The preparation of the questionnaire schedule benefited from the information gathered through the face-to-face interviews. The objective of the questionnaire survey was the identification of communication behaviours within the selected scientific communities, in Portugal, and the perception of the interest and expectancies of these regarding the LIZA initiative.
The development of the questionnaire schedule was aimed at easy configuration and an acceptable extension. The questionnaire allowed for limited and open questions.
The first part of the questionnaire was designed to collect information about the perceptions of researchers and academics regarding gray literature repositories available on the World Wide Web and the use that is made of them.
The second part was designed to evaluate the opinion of the respondents regarding the interest and the potential use that they might make of the repository to be created within the LIZA project.
Lastly, and having in mind the validation of results and allowing the dissemination of the final report among the respondents, personal data of respondents was collected.
In order to minimise the costs of creation and administration of the questionnaire, it was made available through the World Wide Web and the responses directly loaded into a database suitable for further statistical analysis.
Validation of the online questionnaire was achieved through a pre-test on a small number of respondents from both scientific communities. This pre-test aimed to pinpoint any faults, deficient questions, ambiguities and potential problems raised by the questions and respective answers.
Selection of population for study. Universe of the study
The selection of the population for the study -Names, Institutions and Emails -was made through a survey of the Portuguese World Wide Web domain, according to the following criteria: Although we were aware that, by this approach, we included researchers in areas lateral to the Agricultural Sciences, it was the only possible way to guarantee that we were not excluding researchers in R&D units whose work is relevant, in the context of Agricultural Sciences.
Taking into account that most of the researchers that collaborate with R&D units financed by MCT are also lecturers in higher education institutions, the list of recipients was vetted to eliminate any obvious duplications. The values shown in Table 1 give an account of the total number of messages sent, of messages received back and the responses. In the case of Agricultural Sciences, all the researchers and academics in higher education departments/research units of biological, environment sciences -apart from those of Agricultural and Forest Sciences, Animal Sciences and Veterinary -were included because it was impossible from the information on the web pages to select those that are specifically relevant for Agricultural Sciences; analogously, in the sector of Mathematics, in considering the Computer Sciences departments it is not exclusively researchers/academics in (Applied) Mathematics that are being addressed.
In this context, the results obtained are considered to convey indications regarding the receptivity/acceptance of the national research community, related to an innovative service like the LIZA project, despite the differing percentages of responses for the two sectors. Tables 2 and 3 show the responses to the questions aimed at the characterization of production (genre and volume) of the scientific gray literature, produced both in print and electronic format.
Analysis of results

Characterization of the genre of scientific production
Although the differences between both communities are not significant, it should be highlighted that in the sector of Mathematics there is a higher usage of the Internet as a vehicle for communication with colleagues.
Other genres of documents published by the respondents in both communities included: articles for journals; conference proceedings; monographs or parts; preprints (exclusively referred to by the mathematicians); pedagogical documents including lecture notes; promotional articles. Obtained by distributing proportionally, between the two sectors, the messages returned from those considered non-relevants, i.e. respondents working in areas that were not specific to Mathematics and Agricultural Sciences. 
Usage of archives of scientific gray literature, in digital format
Given the existence of scientific gray literature archives and questioned about their usage -to publish/archive, search/consult information-the responses are as shown in Figure 1 . In the area of Mathematics, 13 (34.2%) of respondents prefer not to use these archives; 12 (31.6%) use them for search/consult information and 12 (31.6%) use for both -publish/archive and search/consult scientific documents.
In the area of Agricultural Sciences, 35 respondents (58.3%) do not use these archives, while 15 (25.0%) use them to search /consult information. 9 (15.0%) say they use them both to publish/archive and search/consult. Only 1 uses them to publish scientific documents ( Figure 1) .
As was foreseen, we can identify a more intensive use of these type of repositories by mathematicians, behaviour which is in line with the trend within this community, worldwide: Mathematics was one of the fields covered by the first eprint archive created -the arXiv.org.
When the respondents were asked to identify the eprints archives most used for publishing, two respondents in the area of Mathematics referred to the arXiv.org. When asked about the reasons for publishing there, one respondent said, "collect opinions from peers in scientific work" and the other indicated, "to obtain visibility". ) of respondents prefer to use "Other" servers. The high number of responses for "Other" servers deserves a closer investigation. Unfortunately, the respondents did not specify the repositories that they are actually using. As can be seen from the Figure 2 , regarding the reasons to use preprint archives to search/consult information, it is evident that similar behaviour patterns occur in both communities. However, for each category, it is obvious that there is higher interest for these types of services among researchers and academics in the Mathematics sector.
Opinion about the LIZA initiative
Introduced to the LIZA initiative -which aims to develop a gray literature archive in digital format in the National Library of Portugal -almost all respondents rate this as being "very important" or "important", as can be seen from Those respondents who considered the creation of the archive, as proposed within the LIZA initiative, to be "not important" were in the minority, 3 and 4 in Agricultural Sciences and Mathematics respectively.
It is interesting to note that, in the sector of Agricultural Sciences, where there is no tradition of exchange of preliminary versions of documents, the use of these repositories is one where respondents demonstrated higher expectancies. These expectancies may be associated in some way with the multidisciplinary nature of Agricultural Sciences and by the lack of tradition in the exchange of preprints, when compared with Mathematics. This aspect deservers further investigation.
Conclusions
The creation of archives of scientific gray literature, in digital format, over the last decade, is assuming a growing importance in the context of scientific communication, at least in some domains [18, 19] .
In this study, it was our objective to gain some perception of the expectancies of the national community towards the LIZA initiative. The creation of the LIZA archive by the National Library of Portugal will enable this institution to develop strategies concerning the preservation and availability of that national heritage, as well as confer international visibility to national R&D activity.
It has been possible to verify that, among the scientific communities approached in this pilot study, the use of the Internet to communicate with peers is a common activity, although more prevalent among the Mathematicians, when compared with the Agricultural Sciences.
The use of scientific gray literature archives in digital format is still made predominantly to consult/search information and not so much for publishing/archiving. Here too, there is a noticeable prevalence of Mathematics compared with Agricultural Sciences. Regarding the reasons concerning the use of such repositories it is possible to say that both communities refer to the "ease of access", the "access to information unavailable locally" and the "timeliness of the information" as the main reasons for their use.
When asked about the importance of an initiative like the LIZA, the majority of the respondents from both communities consider such a project as "important" or "very important". This opinion is reinforced by the statement that, when LIZA exists, they will use it.
The reasons considered as relevant for the creation of such repository were widely dispersed. Nevertheless, the most common were "easy of use", "speed" and "visibility", of the scientific communication, obtained.
In conclusion it seems possible to consider that, in a general way, the LIZA initiative will address some of the most important aspirations while overcoming some of the difficulties that the Portuguese scientific national community is facingthe facility to search and consult the most up-to-date information, the search for peers working in relevant areas, ease of access to national scientific production and the promotion/intensification of the work in collaboration with colleagues in Portugal and abroad working in complementary areas.
To conclude it should be mentioned that one idea was common to the several key informants interviewed in the first part of this study. According to these interviewees, there is a huge need for "evangelisation" within the scientific communities, so that an initiative like LIZA, which can change and enhance the flow of scientific information in the country, is nurtured to develop, flourish and succeed.
